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(54) 4-ArvM,4-dihydropyridine-3,5-dlcarboxyIate derivatives 
(57) Compounds of formula 

• • 

•>/'Y\ 

(wherein 

Ri and R4 Independently represent a alkyl group; 

R2 and R3 Independently represent a Cve straight or branched alkyl chain which may be interrupted by an oxygen 
atom; 

R5 represents a straight or branched chain Cuts alkyl group or a Cg^ cycloalkyl group which may be substituted 
by a C«|.3 alkyl substituent) reduce intracellular calcium ion concentration by limited transmembranal calcium ion 
influx and thus may be useful for the treatment of cardiovascular disorders such as hypertension. 

Intermediates of formula (I) are disclosed wherein R5 is hydrogen. 
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- SPECIFICATION 

Heterocyclic derivatives 

5 This invention relates to novel heterocyclic derivatives which have an effect on the transmembrane! in- 5 
flux of calcium ions into the cells of cardiac and smooth muscle, to processes for the preparation thereof, 
to pharmaceutical compositions containing them and to their use in therapeutics. 

The role of intracellular calcium ions in the control of the contractile system of cardiac and smooth 
muscle Is well known. Furthermore it has been established that compounds which limit the intracellular 
10 calcium ion concentration by preventing or reducing the transmembranal calcium ion influx in cells of ' 10 
the contractile system of cardiac and smooth muscle are useful in the treatment of cardiovascular disor- 
' ders. 

We have now found a new group of compounds which reduce intracellular calcium ion concentration 
by limiting transmembranal calcium ion influx and thus may be useful for the treatment of cardiovascular 
15 disorders such as hypertension, angina pectoris, myocardial ischaemia, congestive heart failure, cerebral 15 
vascular and peripheral disorders. 
The invention thus provides for compounds of the general formula (I). 
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wherein 

30 Ri and R4 independently represent a C,^ alkyl group; 3q 
R2 and R3 independently represent a C^e straight or branched alkyl chain which may be interrupted by 
an oxygen atom; 

R5 represents a straight or branched chain C,.,3 alkyl group or a Cg^ cycloalkyi group which may be 
substituted by a C,.^ alkyl substituent; 
35 The compounds represented by formula (1) can exist in more than one isomeric and/or enantiomeric 35 
form and the Invention includes all such isomers, enantiomers and mixtures thereof. Thus the group 
-CH=CHC02Rs in compounds of formula (I) can exist in the cis (Z) or the trans (E) configuration and the 
invention includes both isomers and mixtures thereof. 
Examples of suitable groups for Rj and R3 independently include C,^ straight or branched alkyl such as 
40 methyl, ethyl, isopropyl, isobutyl, t-butyl or C,^ alkyl (such as methyl, ethyl or n-propyl) substituted by a 40 
Ct.3 alkoxy e.g. methoxy or propoxy group. 

When the group R^ represents a C,.,3 alkyl group this may for example include methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec butyl, tert butyl, pentyl, isopentyl, neopentyl, hexyl, 2,6-dimethyl-4-heptyl, 
octyl and tridecyl groups. When Rg represents a cycloalkyi group, conveniently this represents cyclopen- 
45 tyl, cyclohexyl and cycloheptyl, which cycloalkyi groups may be substituted by a C,^ alkyl group e g. a 45 
methyl group. 

Preferred compounds of formula (!) are those in which the group CH=CHC0,R6 exists in the (E) config- 
uration. 

Preferred meanings for the groups R, and R^ independently Include ethyl or more particularly methyl. 
50 Rj and R3 preferably independently represent C,^ alkyl e.g. methyl, ethyl, isopropyl or isobutyl or ethyl 50 
substituted by C,.3 alkoxy e.g. methoxy or propoxy. 

Rg preferably represents C3.9 straight or branched alkyl such as isopropyl, tert butyl, 2,6-dlmethyl-4-hep- 
tyl or octyl, or C5.7 cycloalkyi e.g. cyclopentyl or cyclohexyl which may be substituted by a methyl group. 
A particulariy preferred class of conripounds of the invention are those of formula I wherein R, and R^ 
55 represent methyl, R^ and R3 independently represent methyl, ethyl, isopropyl, isobutyl, propoxyethyl or 55 
methoxyethyl and Rg represents C3.9 alkyl, more particulariy isopropyl, tert butyl, 2,6-dimethyl-4-heptyl or 
octyl, or a cyclohexyl group which may be substituted by a methyl group. 

Within this particularly preferred class of compounds those where Rg represent*; a tertiary butyl group 
are especially preferred. 

60 A particularly preferred compound according to the invention Is 4-(2.(3-(1,1.dimethylethoxyj-3-oxo-1- 60 
propenyl)phenyl)-l,4-dihydro-2,6-dimethyl-3,5-pyridinedicarboxylic acid, diethyl ester and more especially 
the E isomer thereof. 

Other preferred compounds according to the Invention are 4-(2-{3-(1,1-dimethylethoxy)-3-oxo-1-pro- 
. penyl)phenylM,4.dihydro.2,6.dlmethyl-3,5.pyridinedicarboxylic add, 3-methyl ester, 5-(2-methylproDvl) 
65 ester; 65 



. 4-{2-{3-(1J-drmethylethoxy)-3KJXO-1-propenyl)phenyl)-1.4-dihydro-2.6^imethyl-3.5-pyridined 

acid, 3-methyl ester 5-ethyl ester; 

' ^'hrc^m';runl^of\?e^n^^^^^^^^ ion concentrations by P--f "^^-^^^^^^^^^ ^ 

JnsmTmbranal calcium ion influx in cells. Thus for example the compounds. I.m.t or mh.b.t the effect of 

"^"e'^miSepTrtensiv^^ demonstrated by int^venous and/ 

10 or^rlu mffiS^^^ to'-ale spontaneously hypertensive t^^^^^^^^^^^^ 

nnnnds of the invention and more especially the specific compounds named above have been touna to 

EaJe a oartTcular^y advantageous profile of activity including a relatively long duration-of actton. 
■^^P ror^ounds of the invention are thus of interest in the treatment of hypertension. They are also 

ootentSly useful for the reatn^ent of other cardiovascular disorders 'n<=«"*ng angina pectons myoca^^ 
15 dSaem?a c^^^^^^^ heart failure, cerebral vascular and peripheral disorders. They may be formu- 

%\^ra%=:?p"e^tr^^^^^^^^ 

20 whrch mav bri^m or sugar coated, capsules, powders, granules, solutions includmg syrups, or suspen- 
SSS^oTeoared ^conventional means with acceptable excipients. For sub lingual administration the 
Lmoosirn may take the form of tablets or lozenges formulated in conventional manner. 
S^^ nVrenteTal administration the compounds of formula (I) may be given as a bolus injection or by 

30 "°^rX~ntTSu.a (II may b. .o,n,u,a,cd as oimmea« and craan,, for .ranadarnn., adm.„,a«- 

'"hu" co'mp"oS oHoSaTlf anymore particularly the E isomers thereof, may be prepared by reac 
45 tion Si arunsaturated ketone (II) with the aminoester (III). The reaction Is ^ 
solvent such as an alkanol, e.g. ethanol or Isopropanol and preferably with heatmg e.g. 40-150 C. 
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an% It raaSon is carHad out in tha presanc. of . catalyst such a. plpand™ .o«ata. 
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/ \. . CH2CO2R2 

II c ^ 

... // \ 

5 f CHrCHC0 2R5 5 

CHO 

(IV) (V) 

10. In a modification of this process for preparing compounds of formula (1), the aldehyde (IV) may be 10 
reacted with a mixture of the aminoester (III) and the ketoester (V) under the conditions previously de- 
scribed for the reaction of .the a,p-unsaturated ketone (II) with the aminoester (III). 

Compounds of formula (I) and in particular the E isomers thereof in which R, and R4 are the same and 
R2 and R3 are the same may be prepared by reacting the aldehyde (IV) with the aminoester (111) in the 

15 presence of a suitable acid catalyst. Examples of suitable acid catalysts include organic acids such as 15 
oxalic acid, alkanoic acids e.g. acetic acid or haloalkanoic acids such as trichloroacetic acid or trifluoroac- 
etic acid or pyridinium salts thereof, or a sulphonic acid such as an alkanesulphonic acid e.g. methane- 
sulphonic acid or an arylsulphonic acid e.g. benzenesulphonic acid or p-toluenesulphonic acid or a 
tetrahaloboric acid such as tetrafluoroboric acid. The reaction is preferably carried out in the presence of 

20 a solvent and at a temperature within the range of -70° to SO^'C preferably -30° to 10°C. Suitable sol- 20 
vents for the reaction include aprotic solvents such as hydrocarbons, e.g. hexane or cyclohexane, aceton- 
itrile or ethers such as tertiary butyl methyl ether, dioxan or tetrahydrofuran, or protic solvents such as 
an alkanol e.g. methanol, ethanol, propanol, isopropanol or butanol. 
Compounds of formula (I) and more particularly the E isomers thereof in which R, and R4 are the same 

25 and Rj and R3 are the same may also be prepared by reacting the aldehyde (IV) with the ketoester (V) and 25 
ammonium acetate. This reaction is conveniently carried out in a solvent such as pyridine with heating at 
• 50 - 120°C, conveniently at reflux. 

In a further process of the Invention compounds of formula (I) may be prepared by esterifying the cor- 
responding acid of formula (I) in which R5 is hydrogen. Thus in one embodiment of this process com- 

30 pounds of formula (I) may be prepared by treating a compound of formula (I) in which R5 is hydrogen 30 
with an alkylating agent RjX where Rg is as defined in formula (I), and X is a leaving group such as 
chloride, bromide, iodide or mesylate. The reaction is preferably carried out in the presence of a base 
such as an alkali or alkaline earth metal carbonate e.g. potassium carbonate in a polar aprotic solvent 
such as dimethylformamide or dimethylsulphoxide optionally with heating. Thus for example the reac- 

35 tion may be carried out a temperature within the range 10-100°. 35 
In a further embodiment of this process compounds of the invention may be prepared from the corre- 
sponding carboxylic acid of formula (I) in which Rj is hydrogen, via an activated derivative thereof such 
as a mixed anhydride, by reaction with an appropriate alcohol R5OH, where R9 is as defined in formula 
(I), or the corresponding alkoxide thereof. 

40 The compounds of formula (I) wherein Ra represents hydrogen may be prepared by hydrolysis of a 40 
compound of formula (I) wherein Rg represents a tertiary butyl group. The hydrolysis may be carried out 
using hydrogen bromide in acetic acid, in the presence of a solvent such as dichloromethane. Preferably 
the reaction is carried out at low temperatures e.g. —78° - 35°C. 
In yet another process of the invention the E isomers of compounds of formula (1) may be prepared by 

45 treating a compound of formula (VI) 45 

//A 

I II 
A\ / • \ 

50 T 50 

II 11 

/•\ /\ ^^^^ 

55 R^ {J Ri 55 

(where Hal represents a bromine or Iodine atom) with an acrylic ester CHj^CHCOaRs (VI!), In the presence 
of a catalytic amount of a palladium salt such as palladium acetate, in the presence of a suitable organic 
60 base such as a trialkylamlne e.g. triethylamlne or tri-n-butylamine. The reaction Is also preferably carried 
out in the presence of a triarylphosphlne such as tri-o-tolyphosphine, or more preferably, triphenylphos- 

phine. 

The reaction is conveniently carried out in a suitable solvent such as xylene or t-butyl acetate, or more 
conveniently in dimethylformamide or in a mixture of solvents e.g. xylene/dimethylformamide, preferably 
65 with heating. The reaction mixture is preferably heated within the temperature range of 80°C to 150'C, 



60 



65 



phorane (IX) in solvent such as methylene chloride or toluene. 

//•\ PhgPsCKCOjRs 

10 -w/-'"" . 



I (VIII) 
CHO 



15 



Compounds of formula (IV) may also be prepared by reacting a Z-halobenzaldehyde (X) 



15 



20 



10 • 20 



made by analogous processes to those used for kn°wn fo^^^^ ^.^ ,2, configuration may be 

Compounds of formula (I) in which the group -^"-^"0°'^^ g 

?S„ Kled oCfw«h <« -,n,p,e 40-120^. co„v.„iea<V « reflux. 
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40 



(XI) ixii) 
The intem^edlate (XI) may be prepared by aqueous acid hydrolysis of the corresponding acetal (XII; in 

which Rs represents an alkyl group) airiohwHe (Xlin bv reaction with a compound 

S W ™Sn'S Lan^rrrvS.Sj::S- .^'.dd-^on di,.e«^«om,en,.de. 

CH(0Rg)2 
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The following examples illustrate the invention. Throughout the examples reference to tlx. means thin 
layer chromatography on Merck (RTM) silica gel 60F-254. All temperatures refer to X. 

Intermediate 1 

5 la. (Eh3-{2'Formylphenyf)'2'propenoic acid, 1,1 -dimetiiy I ethyl ester 5 
A solution of triphenylphosphoranylidene acetic acid 1,1-dimethyIethyl ester (54.7g) in dry dichlorome- 
thane (100ml) was added to a solution of ortho phthaldehyde (19.3g) in dry dichloromethane at OX in 15 
minutes. The solvent was evaporated and the oil taken up with diethyl ether. The solid triphenylphos- 
phine oxide was filtered, washed with ether and the filtrate evaporated to dryness to give a yellow oil 
10 {36g), which was eiuted on a silica gel column (petrol ether/diethylether, 7 : 3), to give the title com- 10 
pound as a colourless oil (21.4g). 
T.l.c. (Petrol ether/dlethyl ether, 1 : 1) Rf = 0.45. 

lb. In a similar manner (E)-3-{2-formylphenyI)-2-propenoic acid, ethyl ester (12g) was prepared from o- 
15 phthaldehyde (13.4g) and triphenylphosphoranylidene acetic acid ethyl ester (34.8g). 15 
T.l.c. (Petrol ether/diethyl ether, 1 : 1) Rf = 0.40. 

Intermediate 2 

2-(Diethoxymethyl)bromobenzene 
20 A mixture of 2-bromobenzaldehyde (33.2g), triethyl orthoformate (29g) and powdered ammonium chio- 20 
ride (0.379g) in ethanol (30ml) was stirred for eight hours at room temperature. The resulting suspension 
was filtered and the filtrate evaporated. The resulting yellow oil was distilled at reduced pressure to give 
the title compound (31g). b.p. 63X 0.3 mm Hg. T.J.c. (Petrol/diethyl ether, 6:1) Rf = 0.6. 

25 Intermediate 3 25 
2-(Diethoxymethyl)henzaldehyde 

To a solution of tetrahydrofuran (250ml) and ether (250ml) was added a 1.2M solution of butyl lithium 
in hexane (160ml). The mixture was stirred and cooled to -70X and then Intermediate 2 (50g) was 
added dropwise. After the addition the mixture was stirred at -70° for 30 minutes and then a solution of 
dimethylformamide (165ml) in tetrahydrofuran {75ml) was added slowly dropwise keeping the tempera- 30 
ture at -65°. A saturated aqueous solution of ammonium chloride (150ml) was added, the organic phase 
separated and the aqueous phase extracted with ether (2x70ml). The combined organic phase was dried 
(MgSOJ and evaporated. The resulting brown oil was distilled at reduced pressure to give the title com- 
pound (30g) as a white waxy solid, b.p. 87''C 0.9 mm Hg. T.l.c. (Petrol/diethyl ether, 7 : 3) Rf = 0.6. 



30 



35 



35 



Intermediate 4 

4'(2-FormylphenyIh1,4-dihydro-2,6'dimethyl-2,5'pyridinecarboxylic acid, diethyl ester 

To a stirred solution of ethyl-3-aminocrotonate {9.3g) in glacial acetic acid (5ml) at 0° was added drop- 
wise intermediate 3 (5g). After two hours the reaction was poured into ethyl acetate (100ml) and shaken 
40 with 10% hydrochloric acid. The organic phase was separated, dried (MgSOJ and evaporated. The resid- 40 
ual brown oil was purified by column chromatography (silica gel, dichloromethane/ethyl acetate 7:3) and 
crystallized from diethyl ether to give the title compound (0.200g) as a yellow solid, m.p. 172-173^ T I c 
(Petrol/ethyl acetate, 7:3) Rf = 0.4. 

45 Intermediate 5 . 45 

^(2'(2'Carboxyethenyl)phenyl)-1,4'dihydrO'2,6'dimethyi'3,5-pyridinedicarboxylic acid, diethyl ester 

To a solution of the compound of Example 1 (lOg) in dichloromethane (70ml), at -78''C was added 
slowly, a solution of HBr/CH^COOH 33% in dichloromethane (70ml). The mixture was then warmed to 
-35°C and after 10 minutes poured into ice/water. The pH was adjusted at 6 and the mixture extracted 
50 with ethyl acetate, washed with water and dried over Na^SO*. Evaporation of the solvent gave a solid 50 
which was recrystallized from petrol ether/ethyl acetate (1:1) to give the title compound a^s a white solid 
(6.5g). T.l.c. (CHjCla/CHsCCCsHs/CHaCOOH, 8:2:1) Rf = 0.4 m.p. 175-178* 

Intermediate 6 ' 

55 6a. 2,6-Dimethyl'4-heptylmethanesulphonate 55 
A solution of hiethanesulphonyl chloride in diethyl ether was added dropwise to a solution of 2,6-di- 
methyl-4-heptanol and triethylamine in ether at 0°C. The mixture was then stirred for 2 hrs at room tem- 
perature, then poured Into water and extracted with ether. The organic phase was washed with dilute 
hydrochloric acid, then water and dried over Na,SO^. Evaporation of the solvent gave the title compound 

oo (2.6g) as a colourless oil. T.l.c. (Ethyl acetate/cyclohexane, 4:6). Rf. = 0.55. 60 
Similarly prepared was:- 

6b. 2'Methylcyclohexylmethanesulphonate 

T.l.c. (methylene chloride/Ethyl acetate, 7:3) Rf. = 0.75. from methanesulphonyl chloride and 2-methylcy- 
55 clohexane 65 
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1 sduUcrof (83.7g) in absolute ethanol (1350ml) was coo ed to "lO^nder 

Srring To Se solution trifluoroacetic acid (108g) was added quicldy followed by a s°'"t.on of Jhy 3- 
stirring. ' « ethanol (750ml) added dropwise during 1 hour. Stirring was continued for a 5 

' Trlh^^ltourlt -10' ^n^ then added dropwise to a 0.3% solution of hydrochloric acid 

Soooml Ser vigorous stirring. The solid was collected bv Oration waje^^^^^ 
ether and dried in vacuo at 60° to give the title compound {156g). m.p. 142-143 . T.l.c. (ethyl acetate/ 
petroleum ether, 8:2) Rf = 0.5 

^° (b) A solution of 2-bromobenzaldehyde (lO.Sg). ethyl 3-aminocrotonate (9 36g) and ethyl acetoacetate 
q i2nnn absolute ethanol (50ml) was heated at reflux for 15 hours. The mixture was then cooled di- 
SildtiS. abs°lre^^^^^^^^^ and added dropwise to a 0.2% solution XiSl^ter^'sS^n S^^^ 

underVigorous stirring. The solid was collected by filtration, washed with petroleum ether (150ml) and 

IS dried in vacuo to give the title compound (19.3g) m.p. 142-143 . 



1 a dihvdro-2 6-dimetfiyl-3,S-pyridine-carboxylic acid, diethyl ester 
^^^oSoZg t^^^^^^^^^ 7(a72-iodobenzaldehyde (46.4g) and ethyl 3^aminocrotonate 

20 (73g) gliS the t^te compound {54.8g) m.p. 178-. T.l.a (dichloromethane/ethyl acetate, 9:1) Rf - 0.5. 



15 



20 



25 



30 



T^TsftlDfmethyietfjoxy}^^^^^ , 
A stiuVon oTpS^^ acetic acid (0.078g) in isopropanol dm!) was added to a solution of 

25 3-S-?Spi^nXropenoic acfd 1,1-dimethylethyl ester (5.2g) and methyl acetoacetate (2.55g) m isopro- 
25 3 (Z \°^"^>^P"°^^^^ Stirred at 60»C for 1h, then the solvent was evaporated and the residue 

panol <15ml , Tne m»^re ^^^^^^^^ ^ ^^^^^^ ^^^^^3^^^ bicarbonate 

30 (4.2g; mixture E/Z isomers). 

T^Z(^(l(1,UDimethYleth0Ky}-^^^^^^ 

35 'Ithf 3-aScro2nate (24g) was added to a solution of Intermediate la (21.4g) in acetic acid, at room 35 
t.m^lLturT Th??S solution was stirred at room temperature for 5hrs, then poured into water and ex- 
laTd wrth elhvl acetate The organic phase was washed with 5% aqueous sodium bicarbonate solution, 
fhefwitrlter and dr?^^ over Na,SO.. Evaporation of the solvent gave a dark oil, which was eluted on a 

40 recrystallized from ethyl acetate, m.p. 173-175"C. T.l.c. (methylene chlonde/Ethyl acetate, 9.1) Rf. 0.4 

%73v!l.Dimethylethoxyh3-oxo.1-^^^ 

45 '"to fZiioZ intermediate 4 (O.lg) in dichloromethane (0 5ml) was ,f 

Hono ^rBtir arid 1 l-dimethvlethvl ester (O.lg) in dichloromethane {0.5ml) at room temperature. After iz 
SxTn di^lo S^^^^^^^^ was added and refluxing continued for 12j;o"-7h^^^^ 

tSS^nnias LddLd and the mixture refluxed for a further 5 hours. The mixture was evaporated and the 
reS purified'b? column chromatography and crystallized from petrol to give the t.tle compound ^ 

50 {120mg) as a mixture of E and Z isomers. 

^Z(i-lEthoxy-3-oxo-1-propenyl)phenyl)-U^^^^ "'''^Y' 

55 ^^^A 3 aminocrotonate (13g) was added to a solution of Intermediate 1 b (10.2g) in acetic acid (ISOml), SS 
The so^Stion was stirred at room temperature for 3 hrs., then poured into water 
'^::ZS^^ZTe{^\^ST^or^ariic phase was washed with 5% aqueous sodium bicarbonate 
JSlutiS, then with water and dried over Na^O.. Evaporation of the solvent gave a dark o I (20g), which 
wt eSed'onrsilica gel column (CH.CI^thyl acebte, 7:3). ^^y^f^l^-pP^"^^^^ 60 

60 solid (4.5g) and recrystallized from petrol/ether/diethyl ether (9:1); m.p. 130-131 C. T.I.C. (methylene cnio 
ride/Ethyl acetate, 8:2) Rf = 0.50. 

%^.'"('SJ^(2.(3-{1,1-dimethylethoxyh3-oxo-1-prop^^ 65 
65 carboxylic acid 3-methyl ester, S-ethyl ester 
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Intermediate la (0.5g), ethyl 3-aminocrotonate (0.27g) and methyl acetoacetate (0.24g) in ethanol were 
refluxed for 14 hours. The solvent was then evaporated and the crude oil was eluted on a silica gel col- 
umn (diethyl ether/petrol ether 7:3) to yield the title compound as a pale yellow solid (0.25a) m d 165- 
167X (petrol ether). T.l.c. (Diethyl ether/petrol ether, 9:1) Rf 0.3 
5 Similarly prepared were:- 

5 

4b. (EH'f2'(3-(h 1'dimethyiethoxy)'3H)xo-1'propenylhphenyO'1r4-dihydro-2^^^^ 
carboxyfic acid S-methyl ester, S'l2-methylpropyl} ester m.p. 147** - 149** (petrol ether) 
T.I.C. (Petrol ether/ethyl acetate 6:4) Rf = 0.35 
10 From Intermediate la, methyl 3-aminocrotonate and 2-methylpropyl acetoacetate 10 

4c. (EH'(2-(3'( h I'dimetfiyletiioxyhS-oxo- 1-propenyi)-pf}enyl)'h4'dihydrO'2,6'dimethyi'3,5'pyridiriedicar- 
boxy lie acid, 3'(1-methylethyl) ester, 5-(2'methoxy ethyl) ester m.p. = 156*'-15r*C (petrol ether) 
T.l.c. (ethyl acetate/cyclohexane, 1:1) Rf = 0.35 
15 From Intermediate la, 1-methylethyl 3-aminocrotonate and 2-methoxyethyl acetoacetate 15 

4d. lB)'4'{2-(3'(1,Udimethyletboxyh3-oxO'Upropenyi)-pher}ylhh^ 

boxylicacid, dimethyl ester m.^, = 158--162° (petrol ether/diethyl ether, 100:1). T.l.c. (petrol/ethyl acetate 
6:4) RF = 0.25 

20 From Intermediate la, methyl 3-aminocrotonate and methyl acetoacetate 20 

4e. (E)-4-(2-{3-( 1, 1-dimethylethoxy)'3-oxo- l-propenylhphenylh 1r4'dihydrO'2,6'dimethyl'3,5'pyridinedicar- 
boxylic acid, biS'2-n-propQxyethyl ester 
m.p. = 115-116 (petrol ether) 
25 T.l.c. (ethyl acetate/cyclohexane 1:1) Rf = 0.40 25 
From Intermediate la, n-propoxyethy! 3-aminocrotonate and n-propoxyethyl acetoacetate 

4f . (EH'(2-(3-Ethoxy-3-oxO' UpropenyDphenyl)- 1,4'dihydrO'2,6'dimethyl''3,5'pyridinedicarboxylic acid 
ethyl (1, 1'dimethyljethyl ester 
30 From Intermediate lb, 3-oxobutanoic acid ethyl ester and 3-aminobutenoic acid 1,1-dimethylethyl ester. 30 

Example 5 

5a. (E)'4'(2-(3'0ctyloxy'3-oxO' UpropenyDphenyl)- t4'di'hydrO'2,6'dimethyl'3,5'pyridinedicarboxylic acid 
di-ethylester 

35 A suspension of the Intermediate 5 (0.5g), octyl bromide (0.38g) and potassium carbonate (lOg) was 35 
stirred at room temperature for 20 hrs. The mixture was poured into water and extracted with ethyl ace- 
tate, washed thoroughly with water and dried over Na2S04. 

Evaporation of the solvent gave an oil which was triturated with petrol ether and recrystallized from 
petrol ether to give r/?© title compound as a white solid (0.3g), m.p. 110-112**. T.l.c. (methylene chloride/ 

40 ethyl acetate, 9:1) Rf = 0.5 40 
Similarly were prepared:- 

5b. (E}'4-(2-(3'Methoxy'3'OxO'Upropenyl)phenyl)-1,4'di'hydrO'2,6'dimethyl-3,5 
diethyl ester m.p. ISS-MO^'C (petrol ether). T.Lc. (methylene chloride/Ethyl acetate 8:2) Rf = 0.40 
45 From Intermediate 5 and methyl bromide. 45 

5c. (E)^(2-{3'l1-Methylethoxy}-3'OXo-1-propenyl}phenylh1,4-dihy^ 
ylicacid, diethyl ester m.p, 145-147X (petrol ether) 
T.l.c. (methylene chloride/Ethyl acetate, 8:2) Rf - 0.45 
50 From Intermediate 5 and 1-methylethyl bromide. 50 

5d. (E)'4-(2-(3-(2'Methylpropyloxy)'3-oxo-1-propenyl)'phenylh1,4^ihydr 

boxylicacid, diethyl ester m.p. 172-174*C (petrol ether). T.l.c (methylene chloride/Ethyl acetate, 8:2) Rf = 
0.55 

55. From Intermediate 5 and 2-methyipropylbromide. 55 

5e. (E)'4-(2-(3'Cyclohexyloxy'3-oxO'Upropenyl}phenylh1,4-^ihydrO'2,6-dime^^^ 
acid diethyl ester m.p. 175-177*'C (petrol ether) 
T.l.c. (methylene chloride/Ethyl acetate, 9:1) Rf = 0.40 
60 From Intermediate 5 and cyclohexyl bromide. 60 

SUE)'^(2'(3'Tridecyloxy-3'OxO'Uproper}yl)phenyl'1,4 dihydro-2,6-dimethyh3,5-pyndinedicarboxylic acid, 
diethyl ester m.p. = 87-89'C. TJ.c. (Petrol ether/ethyl acetate, 6:4) Rf. = 0.40. 
From Intermediate 5 and tridecyl bromide at room temperature 
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. 5g (E)^-(3-CYCloheptyloxy-3.oxo-1-propenyl)phenyl)-1,4-di^^^^^ 
acid, diShyl is Jm.p. = 192-1 94'C. T.l.c. (methylene chloride/Ethyl acetate, 8:2) Rf. = 0.45 
From Intermediate 5 and cycloheptyl bromide 

5 5h (Ei-4.(2.(3-CyclopentYloxy-3-oxo.1.propenyl)phenYn-1.^^^^^ 5 
acid, dietl!yl U Jm.p. = 182-1 84»C. T.l.c. (Ethyl acetate/cyclohexane. 1:1) Rf. = P.42 
From Intermediate 5 and cyclopentyl bromide. 

T^Z(2-loctyloKy-3-oxo-1-propenyl}phenYlHr^^^^^ . 

'"a J^loension of the interrnediate 5 (O.lg), octyl methane-sulphonate (0.077g) and potassium carbonate 

?n Himethvlfor^^am was stirred at room temperature for 20 hrs. The mixture is poured into 

watr and eSSS^ e^^^^^^^^ washed thoroughly with water and dried over Na^O.. Evapora- 

Ho tnlL^fnt r,ave an oil which was triturated with petrol ether and recrystallized from petrol ether 15 
T^°!et:SeZ^pou:d^^^^ (0.04g). m.p. 110-112'C. T.l.c. (methylene chloride/ Ethyl ace- 

tate, 9:1) Rf = 0.5 

''rsSe^Sn^'o'Te intermediate 5 (0.2g) and potassium carbonate (0.07g) N,N.<limethylfo^^^^^ 
<5rnl» was treated with tert-butyl bromide (0.14g) and stirred at room temperature for 20 hrs. The mixture 

ly^^^^-nlnro v^ier and extracted with ethyl acetate, washed thoroughly with water and dried over 
N^sr^vtioratrof Jf t^ s^rent gave an oil which was crystallized from petrol ether to give the t,ie 
compound as a white solid (O.OOBg) m.p. 173-175'C. 

'° ''tSiitnTthfcompound of Example 1 (1g) in dichloromethane (250ml) was deoxygenated with a 
stream o rStrogen for 3 min., then left standing, under an atmosphere of nitrogen, in dayl'ph for two 
weeS ?he solution was then evaporated and the solid was ^^^^yf^f^.^J^^'^^^^ Tot^TaloSur- 
(q-H The white solid obtained (0.2g) was eluted 5 times on a silica gel plate (CH.Cy to obtain a colour 

35 less oI ?^stamza11 from petrol ether/diethyl e^er (9=1) g-e the tide compound as a wh.te solid 35 
{0.05g) m.p. 143-145''C. T.l.c. (methylene chloride/Ethyl acetate, 9:1) Rf = 0.40 

Ta'7J)%.(3.{2,6-Dimemyi-4-hepty/oxy}-3.oxo-7.^^^^^ 

''^f^ut!^'^^ln%1S^ 5 (2g), 2,6-dimethyl-4-heptylmethanesulphonate (1.6g) and potassium 
catbona?e {40g) ?n SrSSfo^am'de %o ml) was stirred at SO'C for 12 hours^ -''^-f.rio' Evaoo 
nt?wat?r and extracted with ethyl acetate, washed thoroughly v^'^^J^Y 

ration of the solvent gave a crude oil (3g) which was eluted on a s.hca gelcolumn (Diethyl ether/petrol 
45 ether, 8:2) to yield the tit/e compound {0.66g) as a white solid, m.p. 49-bZ o 
T.I.C. (Petrol ether/Ethyl acetate, 6:4) Rf. = 0.45 
Similariy prepared were 



25 



25 



30 



45 



QhJE)^2-(3-(2-IVIethylcyclohexYloxy)-3^xo-1.propenyl)phenylhh4^ih^^^ 
SO carboxyiic acid, dietfiyl ester m.p. 165-166^ 

T.l.c. (methylene chloride/Ethyl acetate, 8:2) Rf = 0.55. 

From Intermediate 5 and 2.methvlcyclohexyl-methanesulphonate. 

55 ^^2Un.i-Dimethyiethoxy).3-oxo-i-pr^^^^^ 

acid diediyt . ,„) gthanol (25ml) was cooled to OX and then trifluoroacetic acid 

(ZmOadS oSbtTso.!.iof of e^^^ (lOg) in ethanol {25mi)Jhe mixture was 

S^ed i 0% foM hr. then poured into water arid neutralized with 10% sodium bicarbonate and ex- 

60 fJJtri with ethvl acetSe TTie organic layer was washed with 10% hydrochloric acid then with water and 
Sed over E^^^^^^ solvent gave an oil which was eluted on a silica gel colurnn (gra- 

dFent Etiier/peVol, 3:7 - 7:3) to give the tide compound (2g) as a pale yellow solid, m.p. = 154-155 C 
T.!.fc (Petrol ether/ethyl acetate, 1:1) Rf = 0.65. 
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55 



60 
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Example 11 

(E)'4-(2'(3'(h 1'Dimethylethoxyh3-oxO'1'propenyl)phenyl) -h4'dihydm'2,6^imethyl'3,S'pyridinedicarbox- 
ylic acid, diethyl ester 

(a) A mixture of the Intermediate 7 {171.5g), tertiary butylacrylate (67.0g), tributylamine (97.6g), pal- 

5 ladium acetate (0.94g) and triphenylphosphine {4.4g) in dimethylformamide (200ml) was heated at IIO** 5 
for 24 hours under nitrogen. The mixture was then cooled, the catalyst removed by filtration and the 
organic solvent was evaporated to dryness. The residue was dissolved in acetone (700ml) and the result- 
ing solution was added dropwise to a 0.5% solution of hydrochloric acid (8000ml) under vigorous stir- 
ring. The solid was collected by filtration, washed with water and petroleum ether and dried in vacuo at 
10 60° to give a yellow solid. The solid was recrystalllsed twice from ethyl acetate (500ml) to give the tide 10 
compound dOOg) m.p. 174-175*'. 
T.l.c. (dichloromethane/ethyl acetate, 8:2) Rf = 0.48. 

(b) In a similar manner the intermediate 8 (91 g) and tertiary butylacrylate {33g) gave the title com- 
pound (46g). 



15 



(a) TABLETS 



(!) mgltablet 
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Example 12 

(E)'4'(2'(3'( h 1'Dimethylethoxyh3-oxo- UpropenyDphenylh 1A-dihydro-2,6-dimethyl-3,5'pyridinedicarboX' 
ylic acid diethyl ester 

A solution of ethyl 3-aminocrotonate (19.5g) in absolute ethanol (75ml) was added to a mixture of 
20 {E}tert-butyl-2-formyl-cinnamate (11. 6g) and trifluoroacetic acid (11. 4g) in absolute ethanol (90ml) at -10** 20 
to 0°C. The mixture was aged for 1.5h within this temperature range and then 8% aqueous sodium bicar- 
bonate (150ml) was added. The product was extracted with tert-butyl methyl ether (3x200ml), the com- 
bined extracts washed with water (2x150ml) and dried (MgSOJ. Filtration followed by evaporation of 
solvent gave an oil which was triturated with petroleum ether (50ml) then filtered to give a granular 
25 solid. Crystallisation from ethyl acetate (30ml} to give the title compound (8.5g). M.p. 174-175*. 25 

• Example 13 

(E)'4-(2'(3'( h 1'dimethylethoxyh3'Oxo-1'propenyl)phenyl) -h4-dihydrO'2,6-dimethyl'3,5'pyridinedicarboX' 
ylic acid, methyl ethyl ester 

30 Ethyl 3-aminocrotonate (1.1 3g) and the intermediate 9 (2-9g) in ethanol {20ml) were heated under reflux 30 
for 13 hr. The solvent was evaporated and the residual oil was purified by column chromatography (gra- 
dient petrol/Ethyl acetate, 7:3 - 1:1) to give the title compound {0.42g) as a white solid, m.p. = 165-167°C. 

Example 14 

35 Pharmaceutical compositions 35 



^0 Active ingredient 1 40 

. Polyvinylpyrrolidone (PVP) 20 

Lactose B.P. 127 

Magnesium stearate B.P. 2 

Compression weight 150 45 

The drug is granulated by a solution of PVP in ethanol, blended with the excipients and compressed 
using punches to suit 

(II) mgltablet 50 

Active ingredient 
Microcrystalline cellulose BPC 
Lactose B.P. 

Sodium carboxymethylcellulose 8 ' 55 

Magnesium stearate B.P. 

Compression weight 150 

60 The drug is sieved through a suitable sieve, blended with the excipients and compressed using 60 
punches to suit 

Tablets of other strengths may be prepared by altering the compression weight and using punches to 
suit The tablets may be film coated with suitable film forming materials, eg methyl cellulose, ethyl cellu- . 
lose or hydroxypropylmethyl cellulose, using standard techniques. Alternatively the tablets may be sugar 
65 coated. 
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(b) SOFir GELATIN CAPSULES 

* ' mglcapsute 



Active ingredient ^ 
Polyethylene glycol (PEG) 400 199 

Fill weight 200 



The drua is dissolved in PEG 400 with stirring and the mix is filled into soft geU.tin capsules using a 
10 suItablSng ma^^^^^^^ Other doses may be prepared by altering the fill weight and .f necessary chang- 
ina the caosule size to accommodate the change in fill weight 

fn Jhe aboJe pharmaceutical examples the active ingredient refers to one or '"°^«J°"?P°""J jt^^^ 6 
n«Lra? formulae I but is preferably 4-|2-(3-(1,1-dimethyiethoxy)-3-oxo-l-propenyl)phenyl)-1 4-dihydro-2,6- 
ZelMSy^di ne di^^^^^ diethyl ester, and more especially the E Isomer thereof. 



CLAIMS 

1. Compounds of the general formula (1). 



20 



25 



/ W 

I M CH=CHC0 2Rs 

^ (I) 



^if ""n^ ""Ri 



30 wherein 
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15 



20 



45 



:S'd I rnSrnS:S : SroT^ranched a.^ cham which may be interrupted by 

'"R°'e?re"sera straight or branched chain C..,, alkyi group or a C„ cycioalkyl group which may be 

'T'c^^X^sls^^:^^^^^ 1 in which R. and R. independently represent methyl or ethyl 

^'^^"''rnmnni.nds as claimed in Claims 1 or 2 in which both R, and R. represent methyl. 
4 Compounds Z claimed In any of Claims 1 to 3 in which R. and R, Independently represent a C,. 

selected from methyl, ethyl, isopropyl, isobutyl, t-butyl, methoxyethyl or propoxyethyl ..^^ 

6 CcmpouTds as claimed in any of Claims 1 to 5 in which R. represer^ts a C straight or branched 
alkvl arouD or a Cs, cycioalkyl group which may be substituted by a C„ alkyI group. _ 

7 Comnounds as claimed in any of Claims 1 to 6 in which R. represents an isopropyl, tertiary butyl, 

boxylic acid diethyl ester. 

ll2^(?n,fdteSethoxy)^xo-1-propeny^^ 

60 acid, 3-methyl ester 5-ethyl ester; . . ^ . , -i ♦« n 

19 ThP E isomer of the compound as claimed in any of Claims itoii. 

13: I proces^^^^^^^ Se preparation of a compound of general formula (I) as defined m claim 1 wh.ch 

'TaTTac'nTrcompound of formula (II) in which and R have the n^eanings defined In claim 1 
65 with the aminoester (III) in which R, and R4 have the meanings defined m claim 1. 
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/ W 
• • 

II I 

•\/A /HCO2R3 

5 . CHsCHCO^Rj HjN— c' 

Rl— C=0 (II) (III) 

10 

(b) reacting the aldehyde of formula (IV) with an aminoester of formula (III) and the ketoester of for- 
mula (V), in which the respective groups Rj, R*, R* R, and R, have the meanings defined in claim 1. 

15 ^'"^ 

II I 

*\ //'\ ^CHC0 2R3 ,CH2C0 2R2 

J CM = CHC0 2R5 H2N C 0 = C 

CHO 

20 

CIV) (III) (V) 



10 



15 



20 



(c) the preparation of compounds of formula (I) m which R, and are the same and Rj and R3 are the 
25 same by reactmg the aldehyde (IV) with (1) the aminoester of formula (III) or (2) a ketoester of formula 25 
(V) in the presence of an ammonium salt. 
id) esterification of the corresponding acid of formula (I) in which R^ represents hydrogen, 
(e) the preparation of the E isomer of formula (I) by reacting a compound of formula (VI) in which R 
R2, R3 and R, have the meanings defined in claim 1 and Hal represents bromine or Iodine with an acrylic 
30 ester CHj^CHCOjRs (VII) in the presence of a palladium salt and an organic base. 30 

/*\\ 

II I 
*\ '^''^ 

35 . Hal 35 

«30 2C,^ y\ /CO 2" 2 
• • 

II n 

40 n/ Y ^"1 40 

(VI) 



(f) reacting a compound of formula (XI), in which R„ R,. R, and a, have the meanings defined in claim 
45 1, with the triphenylphosphorane (IX) in which R, has the meaning given in claim 1, 45 



/ W 
ff i 

SO y\ 



I CHO SO 

tfiOl^^ /CO2R2 PhjPsCHCOjRs • 

II 



(IX) 



55 « / \ / \ 

Ri, [J Rl 55 

(XI) 

(g) the preparation of the Z Isomer of a compound of formula (I) by irradiating a solution of the corre- 
60 spending E Isomer of formula (1). 

14. Pharmaceutical compositions comprising a compound as claimed in Claim 1 in association with a 
pharmaceutically acceptable carrier or diluent 

15. Compositions as claimed in Claim 14 In a form suitable for oral, sub lingual, transdermal paren- 
teral or rectal administration. ' 

.65 16. Composition as claimed in Claim 15 for oral administration In the form of a tablet or capsule. 65 
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17 Composition as claimed In Claim 16 containing a dose of 0.01 to 50mg of active mgrediept 
ia A compound of formula (I) in which the groups H,fi^,H, and R. have the meanings given in Claim 
1 and Rs represents a hydrogen atom. 
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